Endothelial monocyte-activating polypeptide II (EMAP II) is a proinf lammatory cytokine and a chemoattractant for monocytes. We show here that, in the mouse embryo, EMAP II mRNA was most abundant at sites of tissue remodeling where many apoptotic cells could be detected by terminal deoxynucleotidyltransferase-mediated dUTP end labeling. Removal of dead cells is known to require macrophages, and these were found to colocalize with areas of EMAP II mRNA expression and programmed cell death. In cultured cells, post-translational processing of pro-EMAP II protein to the mature released EMAP II form (23 kDa) occurred coincidentally with apoptosis. Cleavage of pro-EMAP II could be abrogated in cultured cells by using a peptide-based inhibitor, which competes with the ASTD cleavage site of pro-EMAP II. Our results suggest that the coordinate program of cell death includes activation of a caspase-like activity that initiates the processing of a cytokine responsible for macrophage attraction to the sites of apoptosis.
On the basis of their ability to induce tissue factor (the initiator of coagulation) on endothelial cells in vitro, three factors were isolated from the supernatants of cultured Methylcholanthrene A (Meth A)-transformed fibrosarcoma cells. These were termed endothelial monocyte-activating polypeptides I-III (EMAP I-III). EMAP I͞Meth A-factor (1) and EMAP II (2) were previously unknown cytokines, whereas EMAP III was found to be identical to the previously described vascular endothelial growth factor (3) . EMAP II has emerged as a potential proinflammatory mediator with the ability to stimulate the chemotactic migration of mononuclear phagocytes and polymorphonuclear leukocytes and to induce the expression of tissue factor on endothelial cells (2) . In vivo, the injection of EMAP II into the footpad of mice induces an inflammatory swelling response, which is characterized by a cell infiltrate and edema in the subcutaneous tissues (2) .
The cloning of the EMAP II-cDNA revealed that the protein is encoded by a 1.0-kb transcript, which, after translation, results in a precursor protein with a predicted molecular mass of 34 kDa, which lacks a conventional secretion signal peptide (4) . The cleavage of the pro-EMAP II protein results in the formation of a ''mature'' 23-kDa fragment and other as yet uncharacterized fragments. It is the mature 23 kDa form that is released from the cells and that has been described to convey the biological activity (2) . As both the human and the murine EMAP II precursor proteins are cleaved after an aspartate residue, the EMAP II cleavage site shares similarities to the cleavage sites, which are hydrolyzed by cysteinylaspartate-specific proteases (caspases). A well known member of this family is the interleukin-1␤-(IL-1␤) converting enzyme (ICE; caspase-1), which activates pro-IL-1␤ (5, 6) . Cleavage of IL-1␤ after an aspartate residue leads to the released proinflammatory form, which resembles the situation for EMAP II. Furthermore, caspases play a pivotal role in the execution phase of apoptosis, also known as programmed cell death (7, 8) . Apoptosis can be distinguished from necrotic cell death by a series of morphological and cellular features, amongst which the most striking is DNA fragmentation (9) . The morphological features of programmed cell death were first observed during embryogenesis, in which large numbers of apoptotic cells are phagocytosed at sites of extensive tissue remodeling (10) .
In this study, we have analyzed the expression pattern of the EMAP II gene. Our results demonstrate that EMAP II mRNA is expressed predominantly at sites of tissue remodeling during embryogenesis of the mouse. Therefore, we further examined whether the expression and release of the processed EMAP II protein were regulated by apoptosis. After the induction of programmed cell death in myeloid precursor cells (32D), we observed release of the mature EMAP II protein, while the transcription of the EMAP II gene remained unaffected. This release of mature EMAP II protein from apoptotic cells was blocked by the tetra-peptide compound benzyloxycarbonylAla-Ser-Thr-Asp-f luoromethylketone (Z-ASTD-FMK), which acts as a competitive inhibitor for the cleavage site of pro-EMAP II.
undergo apoptosis by IL-3 deprivation as described (12) . Where indicated, the inhibitors Z-ASTD-FMK, Z-DEVD-CMK, or Z-YVAD-CMK were added to 32D cells after 150 min of IL-3 withdrawal. Supernatants were harvested 21 h later and subjected to Western blot analysis.
Northern Blot Analysis. Poly(A) ϩ RNA (10 g) from 32D cells was fractionated by denaturing agarose gel electrophoresis and transferred onto Hybond Nϩ membranes (AmershamBuchler, Braunschweig, Germany). For hybridization, a fulllength cDNA for mouse EMAP II (1.0 kb) or the ribosomal protein L28 (13) was used as a probe. Detection and quantification of the hybridization signals was performed by using the Fuji phosphoimager BAS-2500.
In Situ Hybridization. In situ hybridization of mouse embryos was performed as described (14) . The full-length cDNA of mEMAP II in pBluescript II SKϩ (Stratagene) was used to generate 35 S-labeled sense and antisense probes by using T3 or T7 RNA polymerases (Stratagene). Hybridization was performed overnight at 42°C and washing at 37°C. The slides were then coated with photographic emulsion (Kodak NTB-2) and counterstained with toluidine blue before photography.
In Situ Detection of Apoptosis. DNA strand breaks were detected on frozen sections by terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) by using a fluorescein detection system according to Gavrieli et al. (15) . Sections were mounted in a solution of Mowiol 488 (Calbiochem) and analyzed with a Leitz fluorescence microscope.
F4͞80 Immunohistochemistry. Frozen sections of unfixed murine embryos were treated for 30 min with PBS͞10% goat serum to block nonspecific antibody binding. The macrophagespecific rat anti-mouse F4͞80 antibody (Dianova, Hamburg, Germany; diluted 1:100 in PBS) (16) was applied to sections for 16 h at 37°C. After washing, bound antibody was detected with a Cy3-conjugated goat anti-rat IgG (Jackson ImmunoResearch).
DNA Fragmentation. After induction of apoptosis, 1 ϫ 10 6 cells were harvested, washed with PBS, and incubated in lysis buffer (10 mM Tris⅐HCl, pH 7.5͞10 mM EDTA͞0.2% Triton X-100) for 15 min at 4°C. After centrifugation for 10 min at 13,000 rpm, the supernatant was first extracted with phenol (pH 8.0) and then re-extracted with phenol͞chloroform͞ isoamylalcohol (25:24:1, pH 8.0). The DNA fragments were precipitated and dissolved in 10 mM Tris (pH 7.5)͞1 mM EDTA͞RNase A (20 g͞ml). After RNA digestion, the samples were analyzed on a 1.5% agarose gel.
Western Blot Analysis. SDS͞PAGE and immunoblotting were performed as described by Towbin (17) . Briefly, the cell supernatants were harvested and protein was precipitated by addition of trichloroacetic acid. The samples were denatured and separated on 15% SDS͞PAGE gels. After transfer onto nitrocellulose (Schleicher & Schüll, Dassel, Germany) and blocking in PBS͞3% BSA, the membranes were incubated in the EMAP II antiserum (SA 2846; diluted 1:500 in PBS͞0.1% Tween 20) for 2 h at room temperature, washed, and incubated in a peroxidase-coupled goat anti-rabbit IgG (Jackson; diluted 1:3,500) for 1 h at room temperature. Detection was performed with the ECL kit (Amersham-Buchler). The rabbit antiserum SA 2846 was generated (Eurogentec, Seraing, Belgium) against recombinant mature EMAP II (23 kDa), and specifically recognized EMAP II. For detection of poly(ADP ribose) polymerase (PARP), cells were boiled in Laemmli buffer and the lysates were electrophoresed on 8% SDS͞ PAGE gels. After transfer onto nitrocellulose, the membranes were blocked with PBS͞5% nonfat dry milk and incubated in an anti-PARP antibody (C2.10; Enzyme Systems Products, Livermore, CA; diluted 1:10,000). After washing, the membranes were incubated in a peroxidase-coupled goat antimouse IgG (Jackson; diluted 1:3,500) and developed by enhanced chemiluminescence.
RESULTS

EMAP II Expression During Mouse Embryogenesis.
In situ hybridization studies showed that EMAP II mRNA was expressed throughout the 9.5 days post coitum (dpc) mouse embryo (data not shown), with the strongest hybridization signals observed in the neural tube and mesencephalon, optic vesicle, limb buds, lung bud, and the mandibular and hyoid arches. In the 11.5-dpc embryo, there was an overall low level of hybridization signals for EMAP II mRNA (Fig. 1) . Prominent signals were detected within the residue of the yolk sac, the intestine within the umbilical cord, the endocardial wall, and in the sclerotomal component of the somites. In the eye, hybridization signals for EMAP II could be detected in the retina and the lens vesicle epithelium as well as in the developing eyelid and the ectoderm covering the eye. In addition, the signal intensity was high in neuronal tissues such as the brain, trigeminal ganglion (V), dorsal root ganglia, and the neural tube (all Fig. 1 ). In 13.5-17.5-dpc embryos, EMAP II mRNA was abundant in developing neuronal tissues such as the brain, spinal cord, dorsal root ganglia, and ganglia of different cranial nerves. Moreover, prominent signals for EMAP II were detected in areas with ongoing ossification. These included the mesenchymal condensations of the developing frontal bone and chondrification centers of the ribs at 13.5 dpc, the ossification centers of the palatal shelf of the maxilla and mandible on days 15.5 dpc and 17.5 dpc, as well as other forming bones. Moreover, the thymus and the intestinal tract showed a strong EMAP II expression on 13.5-17.5 dpc.
FIG. 1.
In situ hybridization analysis of EMAP II expression in an 11.5-dpc mouse embryo. Shown here is a parasaggital section that was hybridized overnight with 35 S-UTP antisense riboprobe for the detection of mouse EMAP II mRNA. Note the high expression of EMAP II mRNA in the residuum of the yolk sac (ys), in the eye (e), the trigeminal ganglion (tg), the intestine within the umbilical cord (i), the endocardial wall (ew), the sclerotome of the somites (s), the dorsal root ganglia (drg), the brain (b), and the neural tube (nt). A sense probe was used as a control and showed no signal (data not shown). On 15.5 and 17.5 dpc, we found a strong hybridization signal for EMAP II mRNA in the developing incisors (especially the dental papilla) and molar teeth. In general, hybridization signals were most abundant in tissues undergoing extensive remodeling and differentiation, such as ganglia, developing bones, and teeth.
High Levels of EMAP II Expression Correlate with Sites of Extensive Remodeling and Apoptosis in Embryos of Different
Developmental Stages. The observation that EMAP II mRNA was elevated in tissues undergoing extensive remodeling raised the possibility that programmed cell death is involved in the regulation of EMAP II expression. To determine whether EMAP II mRNA expression colocalizes with high numbers of apoptotic cells, DNA fragmentation was visualized by TUNEL staining on sections adjacent to those used for in situ hybridization. Large numbers of TUNEL-positive nuclei were found in areas of the embryo in which the strongest hybridization signals for EMAP II mRNA were detected. In the 9.5-dpc embryo, apoptosis was detectable at sites of EMAP II expression in the neural tube, the hyoid and the mandibular arches, optic vesicles, and limb buds (data not shown). In the 11.5-dpc embryo, TUNEL labeled nuclei were observed in the residuum of the yolk sac (Fig. 2G) , the eye and the developing eyelid (Fig. 2H) , the somites, and the liver primordium. Moreover, neuronal tissues such as the brain, trigeminal ganglion (V) (Fig. 2I) , and dorsal root ganglia showed large numbers of TUNEL-positive nuclei. In the 13.5-, 15.5-, and 17.5-dpc embryo, a similar correlation between EMAP II expression and TUNEL-positive nuclei was observed, most noticeably in neuronal tissues such as the brain, trigeminal ganglion (V), spinal cord, and dorsal root ganglia but also in thymus, gut, liver, limbs, ossification centers, and the epithelium of the nasal sinus (data not shown).
Detection of Macrophages at Sites of High EMAP II mRNA Expression During Mouse Embryonic Development. Accumulation of macrophages has been observed in tissues where programmed cell death is a feature of embryonic development (18, 19) . As EMAP II is a potent chemoattractant for monocytes, we hypothesized that sites in which EMAP II and apoptotic events colocalize should have numerous macrophages. Sections adjacent to those used for detection of EMAP II mRNA and TUNEL labeling were stained with the macrophage-specific F4͞80-antibody. From 11.5 dpc onwards, we observed colocalization of F4͞80 positive cells in embryonic regions that showed strong hybridization signals for EMAP II mRNA as well as many apoptotic cells. F4͞80 staining was prominent in the mesenchymal condensations of the developing frontal bone in the 13.5-dpc embryo (Fig. 3A) , a region positive for both EMAP II mRNA (Fig. 3B ) and TUNEL labeling (Fig. 3C) .
Apoptosis Leads to the Release of the Mature EMAP II Protein but Not to an Increase in Transcript Accumulation. EMAP II is synthesized as a precursor protein, cleaved to the mature form, and released from the cell (4). We investigated the effect of the induction of apoptosis on the posttranslational processing of EMAP II. For this purpose, we chose an established model of apoptosis, the myeloid precursor cell line 32D. These cells are dependent on IL-3, and withdrawal of this cytokine induces apoptosis (12) . Fig. 4A shows a time course experiment in which 32D cells were cultured in IL-3-free medium for differing lengths of time. At the indicated time points, the supernatants were subjected to Western blot analysis for EMAP II protein (Fig. 4A Upper) , and DNA of the cells was tested for fragmentation (Fig. 4A Lower) . Six bands were recognized in the Western blot by a polyclonal antiserum directed against EMAP II. Two bands with molecular masses below 20 kDa are considered to be unspecific because they also were recognized by the pre-immune serum (data not shown). The band with an apparent size of 43 kDa (arrow) corresponds to the size of in vitro translated pro-EMAP II (data not shown) but migrated more slowly than predicted from the amino acid sequence. In addition, we observed three further bands with apparent molecular masses of 34 kDa, 31 kDa (asterisks), and 23 kDa (arrow). Because the 23-kDa band corresponds to the originally described mature and active form of EMAP II protein (2), we focused our attention on this band. An increase in the amount of mature EMAP II in comparison to control samples was observed as early as 10 h after withdrawal of IL-3 and was maximal at 22 h (Fig. 4A Upper) . Concomitant with the increase of mature EMAP II protein, DNA fragmentation was observed from 12 h on (Fig. 4A Lower) , demonstrating a close correlation between the amount of extracellular mature EMAP II and apoptosis. In addition to 32D cells, other cells including primary bovine aortic endothelial cells and murine embryonic fibroblasts showed release of mature EMAP II upon induction of apoptosis (U.E.K., unpublished observation).
In 32D cells, the post-translational processing of EMAP II appeared to be regulated by the induction of programmed cell death. Therefore, we tested the hypothesis that induction of apoptosis also regulates EMAP II transcription in vitro. However, when apoptosis was induced in 32D cells by withdrawal of IL-3, no obvious changes in EMAP II mRNA levels were observed by Northern blot analysis (Fig. 4B) . Quantification of the hybridization signal of EMAP II mRNA in comparison to the mRNA coding for the ribosomal protein L28 (13) indicated that the EMAP II mRNA levels of this cell type were not influenced by programmed cell death, although a slight decline in the EMAP II mRNA levels was measured 24 h after the induction of apoptosis (Fig. 4B) .
Release of Processed EMAP II Is Linked to Programmed but Not to Necrotic Cell Death. To determine whether EMAP II release is specifically induced by apoptosis and is not merely related to loss of cell membrane integrity, supernatants of cells subjected to either apoptotic or necrotic stimuli were analyzed for mature EMAP II. Apoptosis was induced in Meth A cells by treatment with TNF and cycloheximide whereas necrosis was induced by the calcium-ionophore A23187. The different modes of cell death were verified by a DNA fragmentation assay in which necrotic cells, in contrast to apoptotic cells, show no distinct fragmentation pattern (Fig. 5A Right) . Western blot analysis demonstrated that the mature EMAP II is clearly detectable in supernatants (S) but not in the lysates (L) of apoptotic cells (Fig. 5A Left) . In contrast, the mature form of EMAP II can neither be observed in the supernatants nor in the lysates of necrotic Meth A cells. This result demonstrates that the cleavage and release of mature EMAP II are specifically linked to apoptosis and do not occur as a result of necrosis.
As the release of mature EMAP II is associated with programmed cell death, we wanted to know whether the kinetics of pro-EMAP II processing is temporally related to the cleavage of PARP, an event observed in virtually every form of apoptosis (20) . The 116-kDa PARP protein is specifically cleaved by caspase-3 to produce an 85-kDa fragment (8, 21) . Apoptosis was induced in Meth A cells, and at the indicated time points, cell lysates were assessed for PARP cleavage, while the supernatants were analyzed for the presence of mature EMAP II. Western blot analysis revealed that proteolysis of PARP starts 2 h after the induction of apoptosis, with complete cleavage detectable after 5 h (Fig. 5B) . In comparison, release of the mature EMAP II from Meth A cells starts 9 h after induction of apoptosis, with increased levels detectable after 13 h.
Inhibition of EMAP II Maturation and Release. Several possible mechanisms for the post-translational regulation of EMAP II can be proposed including the differential expression or activation of the proteases responsible for the maturation of EMAP II in apoptotic vs. nonapoptotic cells. As the cleavage site of pro-EMAP II (ASTD͞S) contains an aspartate residue at the P1 position (Fig. 6A) , it is possible that a putative EMAP II-converting enzyme belongs to the caspase family of proteases. To test this hypothesis, we investigated the effect of the inhibitor Z-ASTD-FMK on the processing of the EMAP II precursor protein. The peptide sequence of this inhibitor represents the cleavage site of murine pro-EMAP II, whereas the fluoromethylketone residue irreversibly binds to and blocks the central cysteine residue of caspases. Similar tetrapeptide inhibitors, Z-DEVD-CMK and Z-YVAD-CMK, have been described to inhibit the activity of caspase-1 (22) and caspase-3 (21), respectively. Apoptosis was induced in 32D cells in either the presence or absence of these inhibitors, and supernatants were assayed for the presence of mature EMAP II. With increasing concentrations of Z-ASTD-FMK (Fig. 6B  Top) , the amount of released mature EMAP II was clearly diminished in comparison to controls (supernatants from apoptotic 32D cells without inhibitor, lane C). When a maximal concentration of 100 M of inhibitor was used, the 23-kDa band was no longer detectable. Addition of the inhibitor did not affect the induction of apoptosis in 32D cells as determined by DNA fragmentation (data not shown). The caspase-3 inhibitor Z-DEVD-CMK had a weak inhibitory effect on the cleavage of pro-EMAP II (Fig. 6B Middle) . Z-YVAD-CMK only slightly diminished the processing of EMAP II if added at the highest concentration of 100 M (Fig.  6B Bottom) . These results indicate that the active site of the hypothetical EMAP II converting enzyme shares a structural similarity to members of the caspase family and that the activity of this protease is not required for apoptosis in 32D cells.
DISCUSSION
We have examined EMAP II mRNA expression during mouse development in vivo by in situ hybridization. Although EMAP II expression was widespread during early mouse embryogenesis (9.5-11.5 dpc), the strongest hybridization signals were detected in neuronal tissues, developing appendages and teeth, as well as in centers of ossification throughout these and later stages of embryonic development. All of these sites are associated with extensive tissue remodeling and also with large numbers of cells undergoing programmed cell death (reviewed in ref. 10) . In all of the embryos analyzed, strong hybridization signals for EMAP II mRNA in neuronal tissues were observed in local correlation with a large number of TUNEL-positive cells. This finding is consistent with previous reports showing that during embryonic development apoptosis occurs in different types of neurons, in both the central and peripheral nervous systems (reviewed in ref. 23) . It has been hypothesized that these large numbers of apoptotic cells correspond to the overproduction of neuronal cells and their incorrect projection to their target sites (24) . The developing eye is another example where a colocalization of EMAP II mRNA and TUNEL staining was observed (Fig. 2) . In this organ, the process of tissue remodeling during development is accompanied by apoptosis in the retina, lens, and optic nerve (25, 26) . In addition, from 9.5 to 13.5 dpc, strong hybridization signals for EMAP II mRNA correlated with large numbers of TUNEL-positive cells in the limb buds, where apoptosis in the interdigital spaces is essential for the morphogenesis of the digits (27, 28) . One hypothesis that may explain the colocalization of areas with strong hybridization signals for EMAP II mRNA with sites of large numbers of TUNEL-positive cells is that EMAP II transcription is induced by apoptosis. However, Northern blot analysis of apoptotic cells in vitro revealed no change in EMAP II mRNA levels compared with nonapoptotic cells, which does not support the hypothesis of a direct effect of apoptosis on the transcription of the EMAP II gene (although it cannot be excluded that this event exclusively occurs in vivo). Alternatively, EMAP II mRNA may be up-regulated at sites of tissue remodeling by some unknown mechanism, which might be associated with increased cellular proliferation. Tumor cells, from which EMAP II was originally isolated, are characterized as embryonic-like undifferentiated cells in which both apoptosis and proliferation are increased (reviewed in ref. 29) .
In the developing embryo, tissue remodeling is associated with the accumulation of apoptotic cells, which colocalize with F4͞80-antigen positive monocytes͞macrophages, particularly in the brain, the eye, and the limb buds (16, 19, 28) . These macrophages are responsible for clearing sites of apoptotic cell-debris by phagocytosis, a function which has been described for macrophages in the mouse limb bud during the morphogenesis of the interdigital spaces and in the Wolffian and Müllerian ducts (28, 30) . Although several molecules involved in the recognition of apoptotic cells by phagocytes have been reported (31, 32) , the factors that lead to the accumulation of macrophages at these sites are unknown. Because EMAP II is a potent chemoattractant for monocytes (2), the expression and release of mature EMAP II may account for the attraction of phagocytotic cells to sites where large numbers of apoptotic cells are present.
The EMAP II protein is produced as a precursor that, following enzymatic cleavage, is released from cells as a processed 23 kDa form (2) . There are as yet no available anti-EMAP II antibodies, which are specifically capable of recognizing the mature EMAP II in immunohistochemistry. Therefore, we decided to use an in vitro system to determine whether the release of mature EMAP II is temporally associated with the induction of programmed cell death. After the induction of apoptosis in Meth A and 32D cells, Western blot analysis of the cell supernatants revealed four EMAP IIspecific bands. The mature EMAP II protein, initially described as a polypeptide of Ϸ22 kDa (2), corresponds to the 23-kDa band, whereas the other proteins of 31 and 34 kDa possibly represent intermediate cleavage products of the 43-kDa pro-EMAP II. Because the biological activity of EMAP II is conveyed by the 23-kDa form (2, 4), we further investigated the regulation of the enzymatic processing of pro-EMAP II and focused on the release of the mature EMAP II.
The release of mature EMAP II after the induction of apoptosis resembles the model described for the processing and release of IL-1␤ (6, 33). The IL-1␤ precursor is cleaved after an aspartate residue by caspase-1, resulting in the generation of the active processed form, which is subsequently released from the cell (6) . Similarly, the cleavage site of pro-EMAP II (ASTD͞S) carries an aspartate at the P1-position and a small amino acid at the P1Ј-position, but, apart from this, there is no significant homology to substrate sequences recognized by caspase-1. Fluoro-or chloromethylketone-based inhibitors, containing the minimal recognition sequence of the cleavage site for caspase-1 (YVAD) or other caspases, block the proteolytic activity of the corresponding enzymes (6, 22) . A similarly structured inhibitor containing the EMAP II cleavage site (Z-ASTD-FMK) abrogated the release of mature EMAP II (Fig. 6 ) without affecting the induction of apoptosis or the other EMAP II proteins (data not shown). Together with the finding that the 23-kDa EMAP II is released after the induction of apoptosis but not necrosis, this supports the hypothesis that the proteolytic generation of mature EMAP II is a specific process, which involves a caspase-like enzyme. This enzyme is not identical to caspase-1 because Z-YVAD-CMK did not inhibit its activity. Moreover, the recombinant caspases-1, -2, -6, -8, -11, and -12 did not process in vitro translated EMAP II (Marc van de Craen, personal communication). Caspase-3 showed a weak ability to cleave pro-EMAP II, which may be explained by the cross-reactivity of this caspase with a related substrate. This hypothesis is supported by the finding that inhibition of EMAP II processing was more pronounced with the caspase-3 inhibitor Z-DEVD-CMK in comparison with the effect observed with the caspase-1 inhibitor Z-YVAD-CMK. However, the EMAP II-converting enzyme is unlikely to be identical to caspase-3 because pro-EMAP II cleavage occurred much later than the processing of the known caspase-3 substrate PARP. These results indicate that the EMAP II-cleaving enzyme is distinct from the caspases known so far, although its substrate specificity seems to be more closely related to that of caspase-3 than of caspase-1.
In conclusion, we have shown that EMAP II is specifically processed and released upon the induction of apoptosis in cultured cells. This release can be blocked by a specific tetrapeptide-based inhibitor (Z-ASTD-FMK). Although EMAP II mRNA expression was not induced by apoptosis in vitro, we found colocalization of high levels of EMAP II mRNA with large numbers of macrophages, specifically at sites which are characterized by extensive remodeling and apoptosis in the mouse embryo. We therefore propose that the activation of a caspase-like activity leads to the processing of pro-EMAP II, resulting in the release of a cytokine, which attracts macrophages to sites of apoptosis.
